Meningiomas constitute approximately 25% of primary spinal cord tumors, and 1% to 5% are calcified. Ossification is a rare event and the etiology of ossification in meningiomas is not well known. We present the case of a 29-year-old female with a rare case of ossified thoracic spinal metaplastic meningioma. The tumor was successfully resected, and pathology confirmed ossified metaplastic meningioma. On histopathological examination, only mature bone tissue and tumor cells were present in the region containing no psammoma bodies, suggesting that the tumor cells had transitioned to mature osteocytes.
Spinal meningioma is the second most frequent spinal cord tumor following schwannoma, and it has been reported to account for 25-46% of all spinal cord tumor cases. 1 Although calcification is common in cranial meningioma, gross calcification is rare in spinal tumors and is observed only in 1% to 5% of all spinal meningiomas. 2, 3 Ossification in spinal meningiomas is even more abnormal and is rarely reported. In the World Health Organization classification, the histological classification of ossified meningioma is a phenotype of metaplastic meningioma. Although the etiology of ossification in meningiomas is not well known, metaplasia of arachnoid cells/dystrophic calcification may be the cause. 4 We report a patient with symptomatic ossified metaplastic spinal meningioma whose tumor was mostly composed of ossified tissue, and mature bone tissue was observed in the tumor tissue on histopathological examination.
PATIENT REPORT
A 29-year-old female developed low back pain without a trigger one year and 6 months prior to first visit, and pain and numbness appeared in the lateral region of the left lower limb after standing for a prolonged period one year prior to first visit, aggravating the low back pain. Abdominal pain developed 6 months prior to first visit, and the patient visited an obstetrics and gynecology clinic, but no abnormality was found. She visited an orthopedic clinic, and a spinal cord tumor was detected by thoracic spinal MRI, for which the patient was referred to our department. She was able to walk independently without any aid, and no hypoesthesia of perception or sense of vibration was noted. The patellar and Achilles tendon reflexes were normal on both sides, and the Babinski reflex was also negative on both sides. Dysuria and lower limb muscle weakness were absent. An ossified lesion was present at the T12 vertebral level on plain radiography of the lumbar spine. On myelo-CT, a high-density mass was present in the dura, completely occupying the spinal canal at the T12 vertebral level (Figs. 1a and b). On MRI, an intradural extramedullary tumor demonstrating low intensity on T2W and T1W was present at the T12 vertebral level, and it was partially enhanced at the margin of the mass on Gd contrast imaging (Figs. 2a-c). The spinal cord was strongly compressed and deviated rightward. Based on these findings, meningioma accompanied by ossification was suspected. The patient requested surgery and tumor excision was performed. Surgery was initiated with transcranial motor evoked potentials (MEP) in the prone position under general anesthesia. T10-T12 osteoplastic laminectomy was applied and the dura mater was exposed. The tumor was resected under a microscope. When the dura mater was incised at the midline, a mostly ossified tumor was observed on the left side of the spinal cord; only a small parenchymal component was present ( Fig. 3 ). Excision after debulking and en-bloc resection were considered difficult. The dura mater contacting the tumor was strongly adhered and resection leaving the outer layer was difficult. Thus, the ossified lesion including the dura was resected piece by piece. No change was noted in MEP throughout tumor resection. The defective dural region was repaired with artificial dura mater. Electrical potentials in the left anterior tibial muscle and quadriceps muscle were lost during surgery, but these gradually recovered after resection. Hypersensitivity of the dorsum of the right foot developed after surgery, but muscle strength did not decrease. Postoperative hypersensitivity of the dorsum of the right foot gradually disappeared and the patient was discharged by independent walking 12 days after surgery. As of one year after surgery, only hypoesthesia slightly remained in the right lower limb and the patient was independent in ADL.
Tumor cells comprised groups of cells with an unclear boundary containing an oval nucleus, similar to normal arachnoid cells (meningothelial cell-like tumor cells), cells with an unclear boundary similar to fibroblasts, and cells accompanying collagen tissue (fibrous cell-like cells), being transitional-type meningioma cells. These were arranged in a spiral pattern (whorl formation) and had proliferated. Calcification was noted in the whorl formation and psammoma bodies were present ( Figs. 4a and b) . The tumor cells were positive for EMA (Fig. 4c) . These findings were consistent with spinal metaplastic meningioma. Although mature osteocytes were present in the bone tissue within the tumor tissue, basophilic osteoblasts and osteoclasts were not present. Only mature bone tissue and tumor cells were noted in a part of the lesion on HE staining ( Fig.  4d ), suggesting that rather than the tumor cells having destroyed and invaded mature bone tissue, mature bone tissue had formed in the tumor tissue.
DISCUSSION
Spinal meningioma has been reported to account for 25-46% of all spinal cord tumor cases, 1 and 87% of cases at the thoracic vertebral level were in females. 5, 6 Although the most common calcified intradural spinal cord tumor is meningioma, ossified cases are uncommon and account for only 1% to 5% of all spinal meningioma. 2, 3 The first case of ossified meningioma was reported by Rogers in 1928. 7 Ossification is histologically different from calcification. In spinal meningioma, ossification is not always induced by a calcified psammoma body. 8 In the World Health Organization classification, meningioma accompanied by ossification is histologically classified as a subtype of metaplastic meningioma, and expression of the mesenchymal component is a characteristic. Purely ossified spinal metaplastic meningioma is a very rare pathology and the mechanism of metaplastic ossification remains unclear. The present report is one of few suggesting mature bone tissue formation from tumor cells. Yamane et al. 9 reviewed 12 cases of ossified spinal meningioma and discussed the ossification mechanism. They stated the following as the most feasible mechanism: Meningioma accompanied by ossification is not secondary to psammomatous features, but it is secondary to metaplasia of arachnoid cells and interstitial cells. Kubota et al. 10 ultrastructurally investigated the initial mineralization site and mode of calcification in psammoma bodies. They suggested that hydroxyapatite crystals were repeatedly precipitated within the bodies and gradually aggregate within the bodies, resulting in large psammoma bodies. Collagen fibers surrounding the calcified bodies then accumulated deposits of apatite crystals, forming huge psammoma bodies. However, Kitagawa et al. 11 concluded that the ossification of meningioma is secondary to metaplasia of the arachnoid cells rather than psammomatous features. Moreover, Doita et al. 8 reported that the calcified psammoma bodies may not always lead to bone formation. There are several viewpoints regarding the cause of ossified meningioma, as described above. Chang et al. 12 reported that in metaplastic meningioma with bone ossification without psammomatous calcification, the extensive calcium deposits formed crystalline structures rather than the characteristic concentric laminations of psammoma bodies on histological examination. Thus, this is the only study to histopathologically demonstrate bone tissue formation from tumor cells. In the present case, mature osteocytes were present in the bone tissue contained in the tumor tissue, but no osteoblasts or osteoclasts were present. Only mature bone tissue and tumor cells were present in the region containing no psammoma bodies, suggesting that the tumor cells transitioned to mature osteocytes, consistent with the previous reports described above.
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